Magnetic and gravity surveys were conducted in the vicinity of Shoshone, California to test a hypothesis from investigating hot springs within Tecopa and Saratoga which states that deep faults must intersect with a specific orientation relative to the regional stress field in order to create hot springs along the Amargosa River.
Three isolated basalt flows with different gravity and magnetic properties were identified near the Shoshone hot spring. Two of the flows have very low magnetic anomalies and the remaining one has a high magnetic anomaly. The high magnetic anomaly basalt flow also has a significantly higher Bouguer anomaly than the other two flows associated with the low magnetic anomalies. These observations suggest that the flows were formed by different time volcanic activity with the low magnetic anomaly basalts cooling during a magnetic reversal and the high magnetic anomaly basalt cooling during normal magnetic era. The deepest part of the Tecopa basin in the study area was identified as a region with low Bouguer anomaly and associated magnetic high. These properties suggest the basin fill includes highly vesicular basalts which would give the low density. Generally regions of high magnetic anomalies also have high Bouguer anomalies which indicate the possible existence of igneous rocks in the region. The low magnetic anomalies are mainly seen in the regions of thicker sedimentary deposits such as in the Resting Springs range where Precambrian and Paleozoic sedimentary rocks are preserved.
From the magnetic and gravity surveys, this research support the testing hypothesis based on the identified intersecting faults of the appropriate orientation associated with the Shoshone hot spring.
Faults were also identified at places with no evidence of hot springs and this could be due to the presence of thicker sediments preventing the springs from flowing to the surface. An alternative possibility is that the faults are not deep enough to tap the hot water that would produce a hot spring. In order to evaluate the role of faulting in the locations of the hot springs, I have compiled regional ground and airborne magnetic and gravity data. Because the available data are widely spaced in my study area, I have also collected ground magnetic and gravity data to delineate the major trends in the area. The results of this study suggest that intersecting faults may play a role in the localization of hot springs as suggested by Wamalwa and others (2011) but the orientation of the faults are not consistent with their interpretation. I suggest that fracturing in the intersection zone, as well as fault orientations, may contribute to the hot spring locations.
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BACKGROUND
Death Valley and the study area are part of the Eastern California Shear Zone (Dokka et al., 1993) which extends from the Mojave Desert region northward along the eastern side of the Sierra Nevada Mountains. This area appears to accommodate a significant part of the motion between the Pacific and North American Plates (Liu and others, 2010) . The resulting deformation indicates a northwest extension direction that may be related to the hot spring occurrences along the river (Wamalwa et al., 2011) .
Geology of Tecopa Basin
The Tecopa basin is located (figure 1) near the California-Nevada border in southeastern California. It is surrounded by the Greenwater, the Resting Spring and the Nopah ranges, as well as the Sperry, Ibex, Dublin, and Alexander hills. The Tecopa Basin has sparse vegetation which is characteristic of most arid climates. Shoshone and Tecopa are located along the Amargosa River which flows through the center of the basin. The Amargosa River is generally dry with some isolated springs that flow constantly.
The general geology of the basin includes crystalline basement, Pleistocene lacustrine sediments, Exhorheic pleistocene alluvial deposits, Holocene alluvial deposits and greenwater fans (figures 2 and 3). Gneiss is the oldest rock (basement) in the vicinity of the Tecopa Basin, and it is intruded by metadiorite dikes (Chesterman et al., 1973) . A succession of upper Proterozoic to middle Cambrian marine sedimentary rocks is located along the eastern side of the Dublin Hills and the Resting Springs Range. These marine sedimentary rocks are composed of Noonday Dolomite, Jonnie Formation, Stirling Quartzite, Wood Canyon Formation, Zabriskie Quartzite, Carrara Formation, and the Bonanza King Formation (Hillhouse et al., 1977) . Volcanic ash in the basin has been chemically correlated (Hillhouse et al., 1987) to the Yellowstone and Long Valley eruptions, making it Tertiary in age.
The major deposits within the basin are conglomerate, mudstone, tufa and volcanic ash from Lake Tecopa (figure 3) which formed during the wet climate in the late Pliocene epochs. The presence of the authigenic silicate, located at the central section of the Tecopa basin gives a high level of salinity and alkalinity to the pore water in the region (Hillhouse et al., 1987) .
Death Valley is the lowest and driest regions in the western hemisphere with an average of 5 cm of rainfall per year. Consequently, water travels from surrounding mountain ranges to Death
Valley by underground conduits that consist of porous sedimentary rocks, fractures, and faults (Larsen et al., 2001; Hunt et al., 1996 and Miller, 1977) . Most of the water passes below the Amargosa River which appears to follow a deep fault (Larsen et. al., 2001 ). Hillhouse (1987) proposed that active extension and volcanism in the Tecopa basin ended around 4 Ma. That estimate was revised to approximately 7 Ma by Louie (1996) and Shields (1994) based on their geophysical studies of the geometry of the basin fill in the Tecopa Valley.
Exposed volcanic rocks are generally assumed to be approximately 10 Ma. These age estimates suggest the igneous rocks are too old to be a likely source of heat for the hot spring waters so deep circulation along faults is considered more likely. Hillhouse et al., 1987) If the Amargosa River fault were the conduit for the hot springs that rise to the surface then you would expect to find hot springs all along the river but, instead, the hot springs are limited to small areas around Saratoga and the towns of Tecopa, Shoshone, and Beatty on the eastern side of Death Valley. Research into the role of faulting in terms of the hydrological framework of Death Valley has been conducted by Wamalwa and others (2011) using electrical and magnetic data within the regions of Saratoga and Tecopa. They suggested that intersecting faults play a major role in the up flow of water because they are oriented so that the northwest oriented tensile stress field opens the conduits. In this research I used magnetic and gravity data to image the subsurface geology and identify intersecting faults within the research area to test this hypothesis.
Previous Research
Various geophysical studies have been conducted in the Tecopa Basin (Louie, 1996; Serpa, 1988; Hillhouse, 1987; Wamalwa, 2011; Hussein, 2011) using gravity, magnetic, seismic reflection and electrical methods. The Consortium for Continental Reflection Profiling (COCORP) collected 250 km of deep crustal seismic reflection data in the Death Valley region (Serpa et al., 1988) . Two of the seismic lines cross the Tecopa Basin. Those data in the Tecopa basin indicate faults penetrate to an approximate depth of 15 km (Serpa et al., 1988) where they flatten into a sub horizontal surface that could be part of the deep conduit for water migration.
Hussein and others (2011) With faults penetrating from the subsurface of the Tecopa basin to about 15 km depth and the depth to the Moho within 33 km of the surface, there is the possibility of high heat transfer (thermal conductivity) along the faults. Additionally, the orientation of the stress fields along these faults can produce changes along these faults. These could have a huge impact on the temperature changes in the underground water flowing through these faults to the earth surface, hence the generation of hot springs in this region.
Faulted sediments cover the Tecopa basin and increase the porosity and permeability in the basin to allow the flow of ground water. The slightly faulted and tilted Holocene deposits of unconsolidated sand and gravels found in the Amargosa River provide evidence of faulting in that area and are believed (Hillhouse et al., 1987) to be the exit points of regional groundwater.
The area of discharge of the groundwater in the Amargosa River is the Tecopa basin (Mifflin, 1988 ).
Larsen (2001) 
Magnetic data acquisition
The magnetic method is considered (Heiner and Wulf, 1968) to be one of the easiest and the least expensive geophysical methods to use. This method is used to identify contrasting magnetic properties in rocks or minerals especially those of intermediate to mafic composition due to the magnetic properties associated with their iron-rich composition. Variation in the earth's magnetic field can be due to changes in the iron content of the rock. I collected 505 ground magnetic data points in the area of research and merged them with other data sets (Table 1) to map ( Figure 4) the geological features. 
Total 790 192
Two sets of GeoMetrics portable proton precession magnetometers model G-856 and a Garmin GPS system were used in this research. One of the magnetometers served as a base station instrument to monitor the diurnal variations in the magnetic field intensity and the other instrument served as a rover to collect readings at point stations within the area of research. Five readings were collected at each point and averaged to monitor local variations at the point's station. To supplement the ground magnetic data, aeromagnetic data were obtained from the United States Geological Survey and merged with the data collected here. The ground magnetic data were corrected for diurnal variation by correlating the time at which the magnetic reading of the points were observed to the same time the base station recordings were taken. The change in the magnetic value of the base station at the time of the recording of the magnetic rover reading was used to correct the diurnal effect. The resultant observed magnetic field data were then converted to residual magnetic anomaly values by removing the International Geomagnetic Reference Frame using Geosoft Oasis Montaj™ software.
The magnetic data used to construct the magnetic anomaly map (Figure 4 ) include four different surveys (Table 1 ). In addition to the ground magnetic data collected for this study, I extracted existing magnetic anomaly data from the Pan American Center of Earth and Environmental Studies (PACES) and used data collected by Serpa (unpublished) and by Wamalwa (2011) . A total of 790 data points were used to generate magnetic anomaly map (Figure 4 ) which stretches from Shoshone to Tecopa. The addition of the existing data sets to my data gives a better image of the trend of the magnetic variations and also give a general understand the magnetic signatures associated with hot springs. These data sets were merged by comparing the closest data points amongst different sets to correct for the offsets between them.
Gravity data acquisition
The gravity method is a passive method which involves measuring acceleration due to the earth's gravitational field. Lateral changes in density of the subsurface rocks in the vicinity of the measuring point will produce the variations in the measured gravity.
Gravity data for the region of interest were downloaded from the University of Texas at El Paso (UTEP) PACES website for the research area. These data were used to generate a gravity anomaly map ( Figure 5 ) to interpret the subsurface strata and anomalous features. The variations in the gravity anomalies were smooth because the spacing between adjacent points was rather in the spacing of 1km and above which makes imaging small faults difficult. Gravity data were collected along several profiles using a Lacoste-Romberg gravimeter. The initial station spacing for profiles in the northern section of the area was approximately 200 m. Later profiles had a spacing of about 400 m along each profile because we found that the additional time required to collect the closely spaced data was not justified by the scale of variations in the data.
A Topcon GB1000 GPS instrument was used for accurate position and elevation measurements.
GPS raw data were furnished to National Geodetic Survey ( 
Methods
Gravity and magnetic data are compared to the geological and structural information of the survey area in order to identify anomalies associated with subsurface features such as faults and fractures. Generally, gravity measurements across faults are lower on the downthrown block side than on the upthrown block side (Ponce and Langenheim, 1995) . The degree of offset and depth of feature can be associated with the amplitude of the anomaly (Ponce and Langenheim, 1995) . Additionally, the interpretation of magnetic data is complicated by the superposition of multiple source responses and geological and cultural noise. These complications are reduced by the application of Reduce-To-Pole filtering to the data which simulates the magnetic response you would expect if your data had been collected at the north magnetic pole where the external magnetic field is vertical rather than inclined. A reduce-to-pole magnetic map (figure 6) moves the magnetic response for a subsurface object directly over the location of the object. This technique does not work well at low magnetic latitude (±20°) regions because induced magnetic anomalies trending north to south are not detectable at zero geomagnetic inclination. However, Figure 4 is magnetic anomaly maps which depicts the magnetic variation in the vicinity of Shoshone, developed from a merged magnetic anomaly data (table 1). Figure 6 is the reduce-topole magnetic anomaly map showing magnetic anomalies. The Simple Bouguer gravity anomaly map ( Figure 5 ) is shown at the same scale as the magnetic data and figure 7 shows the gravity contours superimposed on the magnetic reduce-to-pole map to simplify the interpretation.
RESULTS AND INTERPRETATION
The anomalies of interest in the maps are identified with letters A to I.
The Bouguer anomaly map (figure 5) displays a smooth trend with values ranging from -114.77 mGal to -88.0 mGal. Low Bouguer anomalies are likely associated with the presence of unconsolidated sediments and sedimentary rocks (M. Hussein et al., 2011) , or the presence of less dense tertiary volcanic rocks underlying the Holocene deposits which makes up the basin fill (Hillhouse et al., 1987) . Alternatively, the low density within the basin can be associated with thicker pyroclastic sediments that are mainly less dense but have high magnetic susceptibility (Louie et al., 1996) . Increasing Bouguer anomaly values indicate the presence of dense rocks consisting mostly of volcanic rocks or crystalline basement rocks. The carbonate sedimentary rocks that are common in the region may also produce gravity high because the density of carbonates can be similar to that of granite in many places (i.e. ~2600 kg/m 3 ).
In the following section, I present my preliminary interpretation of the various anomalies based on the combined gravity and magnetic data ( Figures 5, 6 , and 7). Anomaly A: Area A is a high magnetic anomaly corresponding to a gravity low. Shallow igneous deposits may be present in this region because large deposit of pyroclastic tuffs covers almost all this section. It is possible that the low density pyroclastics contain sufficient iron to give rise to the magnetic high without also producing gravity high.
Anomaly B:
High magnetic anomaly present in area B corresponds to a gravity gradient and is interpreted here to be related to the presence of basalts and the related tuffs of the Dublin Hill formation that directly overlie Paleozoic carbonate rocks on the western margin of the study area.
Anomalies C, D, AND E:
This region lies along a gravity gradient that suggests faulting along the front of the Dublin Hills. Areas D and E are mainly composed of exposed basalts which overlie deformed lacustrine deposits of Pleistocene Lake Tecopa (Chesterman, 1973) suggests it is a thicker or denser sequence of basalt than that found at D and E further supporting the idea that the deposits have different ages.
Anomaly F: There is a low magnetic anomaly region found in area F that is surrounded by high magnetic anomalies of region A. The size and shape of the anomaly strongly suggest either a shallow nonmagnetic object or a reversely polarized igneous body. There is no distinct gravity anomaly associated with the magnetic anomaly and I suggest it is likely due to a relatively small reverse polarity dike within a broad region of tuffs and thin basalt flows.
Anomaly G: Area G is an east-west trending magnetic low between two magnetic highs. It also corresponds to a gravity gradient with low gravity values to the north and high values to the south. The magnetic response may be due to the thick Holocene deposits along the Amargosa River with overlaying alluvial fans and small sand dunes. The east-west orientation of both gravity and magnetic gradients also strongly suggest a fault in this area that intersects the northsouth trending amargosa fault. This is one area that might be expected to produce hot springs but none are found in this region. (Wamalwa et. al., 2011). This signature can mainly be associated with shallow Precambrian mafic crystalline basement rocks as well as intrusive basalts and related pyroclastic tuffs. These rock types are mainly characterized with higher density which contributes to high Bouguer anomaly values.
Conversely, low magnetic signatures identified at sections with isolated exposed basalt rocks Further work on this research would be conducted along the three isolated basalts to authenticate the variations in their magnetic and gravity anomalies. To identify the vertical extent of the intersecting faults close to the Shoshone hot spring, a 2D model will be developed using GMSys.
This will also help to understand the subsurface geology and possibly identify the channel through which this hot springs flow.
